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ABSTRACT

This report describes the analysis and results based upon the analog
records of radar observations during the post launch period of the ECHO II
flight test. The statistical properties of the radar cross section return
are examined to determine the mean values of the cross section and the nature
of the scintillations of the cross sections. Anomalies in the data are
examined and explanations of these anomalies in terms of holes, plasmas,
gross distortions, etc., are examined and discarded. It is concluded that
the flight test balloon achieved its 135 foot diameter spherical shape with
generally minor surface variations and that the balloon can be used effec-

tively for communications purposes.
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I. TINTRODUCTION AND SUMMARY

1.1  Background Information

1.1.1 Historical Background

This report describes the collection, reduction, and analysis of data
received from radar observations of ECHO II. It summarizes work done during
the first five months of the third phase of the continuing ECHO II satellite
analysis program sponsored by NASA/GSFC. We shall now brielly discuss the
first two phases so that the work reported on here can be viewed in the
context of this continuing effort. In the first phase of the program 12-foot
circular segments of ECHO II material were maintained on a support structure
and the radar cross-section was measured on a radar range. Monostatic and
bistatic (up to angles of 300) radar cross-section measurements were performed
at L and C band frequencies, for varying conditions of tangential skin stress,
and after relaxation of pressure. At the conclusion of this first phase
this segment measurement technique had been developed to the point that it
could reliably predict the mean cross-section of the balloon as a function of
the balloon inflation history. Concurrently, techniques were developed to
determine the satellite shape and surface characteristics as revealed by
radar signature characteristics of the return from the balloon. These radar
signature characteristics, studied as functions of look angle, and frequency,
included mean radar cross-section, scintillation of the radar return, and

the auto-correlation function of the time varying cross-section history.

The second phase of the program continued the work started in the
first phase and in addition included reflectivity measurements of the
balloon during static inflation tests at Lakehurst Naval Air Station.

These measurements were performed at L-band and C-band frequencies, for
small increments of pressure, ranging from 400 PSI to 12,000 PSI tangential
skin stress, and over a continuous bistatic aspect range from 0 - 300.

The report issued after this portion of the program was completed (Reference
1) discussed the reflectivity of the balloon as a function of surface
stressing, frequency, polarization, and viewing aspect and contained

radar cross-section patterns taken at three separate surface stresses -
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2,800, 4,800, and 7,400 PSI. Photogrammetric maps showing the variation of
the surface from spherical were prepared. High correlation was found between

reflectivity computed from these maps and the measured values.
1.1.2 Objectives of the Flight Test Data Reduction and Analysis Program

The data reduction and analysis program is intended (1) to provide
information on the degree of rigidity attained, the balloon surface char-
acteristics and geometry, and the orientation of the satellite; (2) to
determine the dynamic radar characteristics of ECHO II; and (3) to test the
usefullness of static radar data in predicting the communication properties

of passive inflatable satellites.,

The satellite was launched by NASA/CSFC on the morning of Saturday, 25
January 1964, Various radars were assigned by the DOD and other organizations
to furnish NASA/GSFC with data for analysis from which can be determined

the following specifics:

a. characteristics of the balloon surface and geometry,
comparison of radar returns as obtained from Phase I
and II ground measurements with radar data for the
orbiting balloon,

c. balloon spin axis orientation and spin rate.

The radar data was taken at frequencies from UHF through X-band and telemetry
data was collected from beacons operating at frequencies of 136.170 MC and
136.020 MC.

1.1.3 Data Collection
Under the program observers were stationed at the following sites:

a. The L-band radar at Millstone Hill, Massachusetts,
b. Wallops Island, Virginia, where S, X, and UHF radars were used,

and

c. The S-band RAMPART radar at White Sands Missile Range.

Data from the sites listed were furnished in the form of analog pen

records. In addition, analog records were received from the C-band radars
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at Kwajalein, and Ascension Island; and beacon analog records and radar
data taken at the Royal Radar Establishment (RRE) at Malvern, England,

were made available. All of these analog records formed the basis for
several reports (References 2 and 3) on the interpretation of the col-
lected radar data and are the main data used for this Summary Report.

A series of data processing and statistical programs are now prepared for
the IBM 7090 computers (at Goddard Space Flight Center) to permit intensive

analysis of the radar data stored on magnetic tape.

The data collection effort was very intensive during the first two
weeks ECHO II was in orbit so as to examine balloon behavior during initial
pressurization and during the first continuous sunlit period of eleven days
and the initial eclipse period. Thereafter most radar establishments col-
lected ECHO II data on a non-interference basis with other measurements
until observations were again increased during the onset of the second sun-
1lit period. The analog data records are very difficult to use for extensive
analysis of balloon properties; therefore, the recordings on magnetic tape
must be considered to provide the primary data source for balloon analysis.
Nevertheless, it has proven possible to determine a good deal of information
from the analog recordings with considerable contidence in the results. We

summarize below the presently available information.

1.2 Summary of Results

1.2.1 Mean Radar Cross Section

The radar cross section of a perfectly conducting sphere whose radius
is much larger than the wavelength can be calculated by the simple formula
o = ﬁRe, For all radar wavelengths of interest in this program the radius
of the ECHO II balloon satisfies this criterion. Thus the expected cross
section of ECHO II would be about 1320 square meters or 31.2 db above a
square meter. We shall refer to this value as the nominal radar cross
section of ECHO II.

On the basis of the analog data available this expected nominal radar

cross section has been achieved.
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of the analog strip chart pen recordings the mean radar cross-section is
probably the only one which can be obtained with high reliability. Systematic
variations in mean radar cross-section may exist which are apparent only

when the magnetic tape data is processed. During the contract period
Conductron has prepared two computer programs which provide NASA the capability
to easily extract mean radar cross-section histories from the data tapes which
can then be examined in a systematic way. Both short and long time history
variations of the radar cross-section can be examined by these programs and

this will be done for those passes on which data is available.
1.2.2 Scintillation

The return, at C-band, fluctuates with a + 6 db variation with a
variable period. Data processing has shown that at L-band the standard

deviation of the variation is approximately 20 percent less than at C-band.
1.2.3 Polarization and Frequency Effects

Theoretical analysis and experimental results given in Reference 1
have shown that no significant polarization dependency is to be expected
for ECHO II. This has been verified by the flight test data, with one
possible exception. Some of the UHF data indicates phase dependence on
polarization, but not amplitude dependence. This is an apparent contradiction,

and has not been resolved.

Apparent polarization effects present in the Wallops Island UHF data
have been shown to be quantitatively consistent with Faraday rotation
effects.

Balloon scintillation was determined from radar recordings taken at
several different frequencies at different radar sites and for separated
time intervals. The dependence of the return on freguency or, equivalently,
wavelength at a given moment of time and for the same aspect angles to the
balloon is an interesting question which it is not possible to answer
definitively using only analog recordings. By simultaneously looking at

the balloon at different frequencies from the same ground site, it should
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be possible to determine surface deformations which result in frequency
dependent changes in the radar cross-section recordings. The dependence

on frequency will be analyzed by a comparison of data tapes for which

there are simultaneous observations of the balloon at several radar
frequencies such as UHF, S-band and X-band. If the balloon were a perfectly
conducting sphere with no irregularities or deformations the radar return
would not be expected to show any dependency on frequency. However, the
postulated "wedge effect™ discussed in Section 1.2.6 would be expected

to show a dependence on frequency which will be discernable in the

computer processed data.
1.2.4 Spin Rate

The apparent presence of an approximately one-hundred second period
in the analog data substantiated by the beacon data leaves little room
for doubt that the balloon is rotating with this approximate period. A
computer program prepared for NASA/GSFC which computes power spectra

should permit inspection of a possible long term spin rate change.
1.2.5 Anomalies
The following was noted from a visual inspection of analog records:

a. A pronounced drop in average return of approximately 10 db
was noted on some of the analog pen records. This effect
appears intermittently with the drops in return enduring
for as much as several seconds. When this effect is present
it appears with a period which is a multiple of approximately

50 seconds.

b. The 50 seconds of return following this drop out appear to
have a significantly different fine structure from the 50

seconds preceeding.

c. The return in general has a spikey appearance dipping about

25 db for very brief periods.
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A number of hypotheses may be advanced to explain these peculiarities
in the radar signature. Those which seem more probable are in the process
of investigation. The best explanation is that the balloon is in general

spherical but has deformed areas.

Four alternative hypotheses have been examined in some detail and

three have been tentatively rejected. These are:

a. The presence of an ionized cloud about the balloon due to

escaping gas.

b.  Multipath effects, i.e., cancellation and reinforcement of the

returned signal by reflected signals from the earth.
c. The existence of a hole in the surface of the balloon.

Item ¢ above deserves special comment here in that a '"hole in the
balloon™ was explicitly reported by RRE, Malvern, England, and a U.S.
tracking station shortly after ECHO II was launched. The theoretical
reasons which lead Conductron to reject this possibility are discussed in

detail in Section III of this report.

Conductron believes a fourth hypothesis, which is a more plausible
explanation of the drop in radar cross section, is that the balloon rota-
tion causes the portions of the balloon containing the solar panels and
telemetering beacons to bulge out into a wedge shape. The cross section
of such a shape has been computed and could account for the effect as
noted in the Millstone Hill data* (Figure 1). This hypothesis is subject
to further test by comparing data taken at other frequencies in the con-

tinuing data reduction program.

The computer programs now on hand and in the process of development
will make possible more definitive statements both about the existence
of any anomalies and their possible nature. For example, a new technique
for analyzing the effect on radar cross section returns of more than one

scatterer has been developed and may be used to test this conjecture.

* It should be observed in examining Figure 1 that the apparent mean

radar cross section of 23-24 db is subject to calibration uncertainties
of perhaps as much as 6 db.
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TYPICAL ECHO II RADAR CROSS SECTION DATA, 28 January 1964, Millstone Hill Radar Site
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This technique is described in Reference L.

The presence of any periodic effects will be fully verified by digital
data processing and their significance will be determined. Any hypotheses
about the physical shape of the balloon can then be accepted, modified, or

rejected on the basis of the results.

The data processing program will provide the capability for large-
scale, precise analysis of the statistics of the radar return for future

radar observed satellites.
1.2.6 Plasma Effects

Since the sublimating material used to inflate the ECHO balloon to its
proper shape is vented to the exterior through a system of small holes in
the periphery of the balloon, the ionization of this material by the solar
radiation flux could conceivably form plasma densities of sufficient magni-
tude to cause radar perturbations at the frequencies of interest. Based on
information supplied by NASA/GSFC this possibility has been studied and

rejected as being improbable for the reasons given below.

For a 200-micron internal balloon pressure NASA/GSFC estimates the
electron density along a sphere of one cm around the hole would be lOlO

3

electrons/cm”, and this would decrease to 107 electrons/cm3 as the

radius of the hole becomes equal to the balloon radius. The build-up

of ionization around the balloon is precluded by the fact that any free
charge formed near the satellite must cut lines of force of the earth's
magnetic field. At the high orbital velocities encountered, the gyration
radius of a free electron in the magnetic field is small so that instead
of being carried along in orbit, free charge will diffuse along the
magnetic field lines. Consequently, ionization will be swept away from
the balloon as it is formed by the combined forces of the magnetic field

and the ambipolar diffusion of the ionized gas.

Since the beacon frequencies at 136 MC are at the lower end of the
frequency range of interest, any plasma effects which occur would poten-

tially have their greatest capability for distortion on the observed
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beacon pattern. However, due to the relative location of the vent holes
and the beacon antennas, calculations indicate that plasma effects will be

negligible.

Similarly, for radar frequencies of approximately 1300 MC or higher, it
is found that the index of refraction of the plasma differs from unity only
over a region which is small compared to the wavelength of the incident
radiation. The ionized regions consequently act as Rayleigh scatterers

with a small radar return.
1.2.7 "Echo Box™ Effect

It has beenrreported by RRE at Malvern that the S-band radar dzata
obtained exhibits the following anomaly: Subsequent to the reflection of
the main pulse, which is of 10us duration, there is observed an exponen-
tially decaying train of pulses. The explanation that has been supplied
with the data for this phenomenon is that an oblong hole (1.5 meters x
0.5 meters) in the balloon has been excited by the incident field, which
in turn has excited a mode in the balloon, which in turn is reflected, re-

excites the hole, etc., analogous to the familiar "Echo box'.

On the basis of the reported data the explanation that has been
offered does not appear to Conductron to be correct. The pulse train
spacing is reported to be of the order of 1lOus. Taking into account the
pulse width, the balloon would then be acting as a 20us delay line. The
two way path of any mode excited in the balloon is 270 feet, correspond-
ing to a free space time of 0.27us. The mode velocity is therefore
.27/20 ~ 1/80 of free space velocity. Geometric optical approximation

shows that the principal mode has a velocity of L of free space velocity.
2

Therefore the "Echo box' effect would have to be related to a very high
order mode, i.e., to a very large number of internal reflections. Further-
more, it would depend upon not only this high order mode being excited,

but no lower order modes being excited. This is so unlikely it can be

considered impossible.
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Somewhat similar trailing effects have been reported by other observers
but these have been attributed by the observers to multi-path phenomena

associated with low elevation angles or no explanation has been proffered.

_10__.
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IT. COMMUNICATIONS

2.1 Quantitative Results

Quantitative questions have been examined in connection with the

effect of variations in the ECHO II radar cross sections on the functional

use of the balloon as a passive communications satellite. The findings

depend upon present understanding of the statistical properties of the

radar cross section, and are to be regarded as tentative, to be confirmed,

or modified as the data processing continues.

On the basis of computations performed below, using typical system

parameters, it is concluded that:

a.

Fading rates (in carrier power) are unacceptable for high quality
communication at UHF, marginally acceptable at 2000 MC and accept-
able at 5000 MC. 1In practical terms this means that the ECHO II
is suitable for frequency modulated transmission at carrier

frequencies greater than 2000 MC.

Radar cross section scintillation of the ECHO II introduces noise
into the information channel for amplitude modulated signals.

For amplitude modulated voice transmission this noise can be
expected to significantly degrade quality, whereas for telegraphic
or slow data rate communication, the noise can be expected to be

negligible.

Although the radar data is monostatic (receiver and transmitter
at same location) it can be used to predict bistatic communica-

tion performance (receiver and transmitter separated).

For a high quality speech transmission, with a 20 KC bandwidth, the

following

system parameters have been postulated:

Noise temperature - 1000° K
Signal/Noise Figure - 25 db

Antenna diameter (receiver and transmitter) - 60 ft

Transmitting power - 1 KW
Modulation - F.M.

- 11 -
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If ¢ is the minimum balloon cross section required to obtain the
25 db siggal/noise figure,
o ~ 103 \e,
where A is the wavelength of the carrier. For a 40 foot antenra this

number would be multiplied by 9/4. This gives the table:

. o .
Carrier Frequency M2 (60 £t antenna) M2 (40 £t antenna)
0 0
300 MC - 1l.2db + 2.3 db
2000 MC - 17.7 db - 14.2 db
5000 MC - 25.6 db - 22.1 db

a_.
M2 to achieve 25 db signal/neise ratio (co = 1320 mg) at 1 KW

Minimal

0
transmission.

From this table, the fading rate (percentage of time the balloon cross
section is less than Omin) can be computed, assuming that A = 6. (A is defined
in 2.2 below):

Carrier Frequency Fading rate {60 ft antenna)  Fading rate (40 ft antenna)
300 MC 76 percent 90 percent
2000 MC 3 percent 8 percent
5000 MC .05 percent .5 percent

The value A = 6 used in these computations is conservative. From data

observed, A, in general will be smaller, giving lower fading rates.

2.2 Radar Cross Section Statistics

The data obtained for a run of length T provides a record of the cross

section, o(t), as a function of time. The mean cross section Ty is defined

1 T
o, = "ff o(t) dt

0

as:

Let f = o(t)/co. Regarding f as a random variable, the mean value of f,
<E> , is clearly unity, and the variance of f, Ve = <:%%:> - 1.

If the cross section is recorded on a db scale, the recorded quantity is
10 log f.

-1 -
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It is assumed that the random variable, 10 log f, is normally dis-

. . 2 . . . .
tributed with mean m and variance A”. This assumption is consistent

with the observed data.

It is then a simple matter to obtain the following relationships:

m = -10 log <f2> = -8B 4% 0 s a2

These relationships enable one to find any two of the quantities,
m, A, Vf, from the third.

On the basis of data received, both in the flight test and in the
static inflation tests, typical values of A are 3 at the lower frequencies
and 6 at the higher frequencies, giving corresponding values for m of
-1 db and -3 db.

The cumulative probability distribution for f is

where

2.3 Fading Rate

For a particular receiver sensitivity the minimal acceptable received
power is specified. If the power and gain of the transmitting system, the
effective aperture of the receiver antenna, and the trajectory of the
ECHO IT are given, then by using the radar equation,

o - PG Ar .
2, 2 ?

2
16 x Rt Rr

this received power requirement can be translated into a minimal acceptable
value of g, Ot O of course, varies, depending on the variables Rt and Rr’
the respective distances from the balloon of the transmitter and receiver.
For a particular value of O the fading rate is the probability that o < T

or equivalently, that f < o / o, which from section 2.1, is

- 13-
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0m 2
10 log = + .115 A

‘I’< g >

The fading rate can be interpreted as the percentage of time that the

received power is less than the minimal acceptable value.

If, for example, it is desired to have a fading rate < .01, it is

necessary that C 2
10 log — + .115 A
a

o < X ><.01, or

a
- 10 log 2> .115 A% + 2.4 A
"o

if A =5, om must be 15 db below GO. When this value is inserted
into the radar equation the minimal value of Pt can be determined. If A = 3,
o need be only 6 db below Ty Therefore, going from A = 5 to A = 3 causes

a 9 db reduction in the necessary transmitter power, for a fading rate < .0l.

2.4 Signal Modulation by the Balloon

Because the radar data determines the amplitude, but not the phase, of
a reflected signal, discussion of balloon modulation has been limited to

amplitude modulated signals.
The wave form of an amplitude modulated signal can be represented as

1+ s(t)
where s(t) is the modulation waveform which is the information carrying
signal. If there is no further modulation by the transmission path, the
waveform arriving at the receiver is unchanged and the detected waveform
will be

s{t) + n(t),
where n(t) is the noise of the receiver system. This picture changes when

the transmission path modulates the signal.

In particular, after reflection by the balloon, the waveform arriving

at the receiver is

_14._
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(1+s(6) /L2 - 1+ s(6)] VR

o]

The modulation waveform is therefore

s(t) NE+ (WE-1) =s(t) + (1 +s(t)) WE-1)
The detected signal is then
s(t) + (L +s(t)) (VE - 1) + n(t).
The term N(t) = (1 + s(t)) (Wf - 1) is noise which has been added to the

information carrying signal s{t). If the signal ensemble is specified,

s is a random variable. Then N(t) is a random variable whose distribution

can be determined on the basis of the following fact:

If F, G are independent random variables with probability densities,
respectively Dy (x), Do (x), then the probability density for the random

variable F G is
0
D ) = | Dply) 0 ay
£00
Thus, since in 2.1 we have determined the distributed function for f and

hence for Vf - 1, it is possible to find the distribution function for N.

The average noise power is then the expected value

& - {1 +5)° (F - 1)2> ,

and the signal to noise ratio
&

7 % J
Xy
is the highest possible signal to noise ratio, even if the system noise is

zZero.

We have computed this ratio for two different signal ensembles:
a. s is uniformly distributed over the range - P < x < P, where

0 < P<1, Prepresenting the modulation percentage. In this case

~15 -
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(s5) _ 1 p° <« 104
(N?) 16 A° 1+ p°

For A = 5, this ratio is approximately 12 for P = 1 and 6 for P = %T

For A = 3, the value of the ratio is approximately 33 for P = 1 and
16 for P = %.

b. S = 0 and -1 with equal probability (keyed CW transmission). 1In

this case,

) .3 w8
<N2) 2 A2
Here even for A = 10, the ratio is 150.

2.5 Bistatic Effects

It should be observed that the values of ¢ obtained during the ECHO II
flight tests are monostaticj; corresponding to receiver and transmitter being
at the same location. On the other hand, for communications purposes, the
receiver and transmitter are separated; the appropriate ¢ is the bistatic
cross-section. In earlier work it was determined that for bistatic angles
< 300, and for frequencies > 170 MC, the bistatic cross-section can be
obtained from the monostatic cross-section. In the Static Inflation Tests,
the radar cross-sections obtained by bistatic measurements were found to
correlate with the monostatic radar cross-section computed on the basis of
photogrammetric measurements, thus verifying the earlier analysis. For
lower frequencies and larger bistatic angles it is estimated that the radar
cross-section statistics, obtained by monostatic radar measurements are
applicable to bistatic angles of at least 900, and for frequencies greater
than 100 MC.

- 16 -
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III. BALLOON GEOMETRY

3.1 Anomalies in the Data

The possible effect of ECHO II balloon deformations from a nominal
spherical shape on the radar returns received from the balloon was investi-
gated. This analysis and any resulting computer programs should be suitable
for processing not only ECHO II data received from different radar sites but

also data from other similar satellites which NASA/GSFC wishes to analyze.

As discussed briefly in Section 1.2.5 there are present in some of the
data certain unexpected features. The most important of these is a periodic drop
in thé radar return which endures for several seconds. The possible depend-
ence of this feature on variations in the wavelength, and the extent of its
consistency throughout the data, as well as the questions of whether its
true period may be 50 seconds rather than 100 seconds is subject to veri-
fication by means of the data processing programs which, at the time of
writing, are essentially complete. Upon examination of simultaneous
beacon and radar data obtained by RRE, this effect appears to be well
correlated with the periodic nature of the beacen data. This simultaneous
data is shown in Figure 2 and suggests an interesting hypothesis which

will be the subject of discussion in Section 3.1.1 of this report.

In any case the best explanation of this "drop out" effect seems to
be to attribute it to the effect of one or more deformed areas on the sur-
face of the balloon which affect the radar return once each rotation. The
apparent qualitative difference between the 50 seconds preceding the drop
out and the 50 seconds following it could easily arise from a difference

in extent or kind of deformation of the two sides of the balloon

As to the sharp rapid oscillations of the return, it has been tenta-
tively suggested that this effect might arise from interference between
multiple scattering centers on the balloon. The techniques which can be
used to examine this possibility have been described in precise mathema-
tical detail in Reference 4, but a brief resume is given in Section 3.2.3

of this report.

- 1_7 -
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3.1.1 Connections Between Anomalies and Deformation of the RBalloon

The most plausible explanation of the "drop out'" effect is that the
balloon rotation causes the portions of the balloon containing the solar
paunels and telemetry beacons to bulge out into a wedge shape. The cross
section of such a shape has been computed and could account for the effect

as noted in some of the data.

In what follows several possible mechanisms are examined for thejr
potential effect on the radar cross section return from the balloon. Tt
will be seen that of the various forms a deformation may take, a wedge

shape seems best to fit the: data. In Section 3.2, the statistical methods

used to ver1fy,‘mgdif§' ar reJect these hypotheses are -discuseed.

.a,L

B} observ1ng ‘he.MHIVern radar and beacon data, it is noted 1hd1 on
the gores of the balloon corresponding to the location of the "drop out™
are mounted solar panels and 1elomvtry beacons. . Because the balloon is
rotaiihg; this equipment exerts an outward directed forcc. Suppose that
as a result of this force on the balloon, the shape near these gores

appears as in Figure 3.

C
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In Figure 3, the dotted line indicates the sphere contour, ¢ indi-
cates the center of the balloon, and W represents the seam joining the
two reinforced gores on which are mounted the equipment. The resulting
cross section, for aspect angles within the angular domain indicated by
a would be that of a cylirndrical wedge, and considerably lower than that
of the nominal balloon cross section, The backscattering cross section

of the wedge is approximately

BN
0 2
I tan 5/2
where A is the ‘wavelength and p is the wedge angle. Also, the distance
WC = Ra/ cos’ ?? For a:10 dd drop out at the Millstone freQLency, Y = 10. 6°

‘as compared to the actaal droP out interval of 18°, For tbls value of a,'
WC = 67.8 £t., requiring the radlus to have heen “pulled out" only .3 feet.

Conversely, for & = 18°, the wedge cross section will be approximately
58 mg, giving a drop out of 13 db. For this value of o, WC = 68.2 ft.,
requiring the radius to have been "pulled out® .7 feet. Thus this hypo-
thesis is consistent with the Millstone data observed. The hypothesis is
subject to further test by comparing the result with data at other fre-

quencies in the data reduction program.
b.  Wrinkles

I it is. assumed that the wrlnkles are 9aralle1 +o the gore seams,
then g drop in.81§nal from. the beacon region could be accounted for by a
change in curvature of the surface in this region. Since the wrinkles

/ are assumed to be péfallel to the gore seams, the radius of curvature in
the direction of the gore seams can be assumed to be that of the balloon,
namely 67.5 feet. Assuming this radius of curvature in one direction,
in order to obtain a signal drop of 10 db, the other radius of curvature
would have to be about 6.75 feet. Actually this 6.75 feet radius would be
a mean value since the return signal varies approximately + 6 db. There-
fore, the equivalent radius of curvature in the depressed region could vary
between 1.8 feet and 27 feet and be made up of many wrinkles that can
present a signature with an equivalent radius range. Also, since the drop

in signal strength occurs for several seconds, more than one gore would
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probably be presented in this period (assuming a period of 100 seconds),
thereby indicating more than one wrinkle., The drop in signal does not
remain around 10 db over the complete pass which might indicate that the
effects are not constant over all aspects. This could add support to the
wrinkle theory since the wrinkles would not be as prevalent away from the
equator of the balloon as at the equator if the wrinkles are oriented paral-

lel to the gore seams.

c. Folds

A fold is defined as an overlapping region on the balloon having a
curved. pertxon at each crease and flat portions between the creases° A
fold tends te be frequency gensitive whereas a ‘wrinkle tends to bﬂ non—
frequegcy sen31t1ve. The analysis of folds is similar to that of the
wrinklés. .A.single fold would exhibitipolarization sensitivity. |

d. Flat Spots

Flat spots cauld occur in the reinforced gore region since the addi-
tion of the beacon and associated solar cells might tend to strengthen
this region and reduce the possibility of the balloon forming a curved
surface. However, it seems more reasonable that this region does not
form a. flat plate but ;nstead a cyllndrlcal shape in Whlch the radius of
the ballonn*alnng the- gore seam remalns about the same as that of the o
' 1lsen;’and %he snrface perpendlcular to the gore tends to flat—
ten esp ciaily*arsund “the Beacen area. 'This might be substantiated in that

the radar signature of the balloon &s observed from Millstone did not
appear to be very aspect sensitive and assumed cylindrical scattering from
the balloon near the equator region would also not be sensitive as one

moved from the upper hemisphere to the lower hemisphere.
e. Holes

The radar cross section of the hole in a sphere when the wavelength is
small with respect to all diameters can be computed by evaluating the hole
rim contributions by a modification of the Sommerfeld semi-infinite plane

solution and then evaluating the geometric optics contribution of the inner
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surface of the sphere. For a large hole, at backscattering, these two

terms are of the same order of magnitude and by proper arrangement of phase
can combine to give a deep null. For the ECHO II balloon, which is not
quite a perfect sphere, the above remarks can serve as a rough model. How-
ever, it requires a very fortuitous arrangement of geometric parameters

and frequencies to provide a backscattering null, throughout the balloon
history, since ‘drop-outs. of :varying widths . have been observed from all
radar sites. On this basis alone, the hole theory appears unacceptable.
Even more conclusive is the angular spread of the drop out. The cross
section of a hole has a lobe structure of an equivalent radiating aperture,
the majer lobe having the beam width ~ x/d, where A is the wavelength and

d the aperture diaméter.i At radar frequencles it would requlre an extremely
4sma11 diameter to acceunt for. the angular width of the drop out (tlme
“intervals up to 6 seconds), and in this case the hole would make an extremely
small contribution to the cross section. On this basis, the hole theory

appears to be ruled out.

3.2 Statistical Methods of Examination of Balloon Geometry

As has been indicated in preceding sections of this report, the ECHO II
radar data available thus far has been in the form of analog recordings.
Though these recordlngs ferm a baels for quick analysis of the results, the

‘A.1nf0rmat19n‘they contain is of a nature that restrlcts one to qualatative
Judgment..w i

The first requarement to begin the data reduction and analysis was
preparation of a reformatting program which would extract from the data
tapes the received power calibration, range, and making the necessary con-
version to radar cross section information, put the output into a uniform
format. This program is complete and is documented in Reference 5. Simul-
taneously, the first of several statistical programs (discussed in Section
3.2.2) was formulated and is now in the final stages of program checkout.

Further computer programs are in the formulation process and are described

below.

- 22—.
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3.2.1 Precise Determination of Anomalies

With the help of the computer program whose formulation is briefly
described in Section 3.2.2 it will be possible to determine much more
precisely the characteristics of the anomalies in the radar return which
have been discussed above. In particular, the extent and intensity of the
drop-outs will be subject to analysis to determine whether or not they vary
as functions either of time since launch or of wavelength. Since some of the
postulated explanations of the connection between anomalies in a radar return
and balloon geometry would be frequency sensitive and others would not be
this process should make possible more firm conclusions as to possible
deformations'of th bﬁlloed

A second appraac to the«questaon of frequency sen91t1v1ty has been
con81dered which will: also permlt examlnatlon of possible dependency of
the return upon polarlzatlon. This will involve preparing a computer
program to analyze radar data as specified by the following quotation from

Reference 6.

"Let us consider a perfectly conducting body of arbitrary convex
shape on which a plane wave is incident. It will be assumed that the

receiver is in the far field of the body regarded as a scatterer.

dy”ié féffeéfi&aeonducting, the reflection coefficient

eading;term in the asymptotie ‘expansion of the cross—

mal. ‘1engths is. g1ven by geometrical optlcs.' If the bedy
has no corners or- faceé perpendlcular to Poynting's vector, the geometrical

optics cross-section is wavelength independent and is simply

o = x RyR,, | (1)
where Rl and R2 are the principal radii of curvature of the specular region.

For backscattering, the center of the specular region is that point on the

body which is nearest to the receiver. In the particular case in which

- 23 -
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R, = R, = a, Equation (1) reduces to

<
-

¢ = nac, ' (2)
which will be recognized as the cross section of a perfectly conducting

sphere of radius a.

"If the body is not smooth and convex, but is still perfectly conducting,
other portions may contribute towards the scattering cross section, and
while small scale irregularities will not be considered, any large scale
perturbation must be taken into account. Falling into this category is a

corner reflector or large flat area, the cross section of which is

{3)

where A iS”proportional to'thé square of the area. Por positions of the
receiver in the d1rect10n of :peak return, A is essentlally wavelength
independent.

~'"A second type of structure is a conelike projection of small included
angle and the cross section of this is

o = Ckg (4)

where C is 1ndependent of the wavelength. If both types of scatterers are
present on, the,body, the total cross section can be wrltten in the form
“7f?{;&~ = uéé-’+ B + CAZ - (s
.",:‘ N h } )

with ﬁ,”B,”C > 0. In this expression, B represents the geometrical optics

cross section of the unperturbed body.'"

At the present time simultaneous radar data at several frequencies is
available only from Wallops Island but it will probably be sufficient to
determine values for the coefficients A, B, and C from which one can determine
whether A and C are statistically significant quantities. The coefficient B
corresponds to the geometric optics cross section of a sphere and should un-

questionably be the dominant term.

- 24 -
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3.2.2 Auto-Correlation and Power Spectrum Program

A statistical analysis program with the following capabilities is
available:

1. Radar cross section values - in square meters - between T min and
T max are considered.

2. This time interval is broken up into a series of sub-intervals,
alternating a to-be-considered sub-interval and a to-be-ignored
sub-interval. The number of points per sub-interval, for each
type of sub-interval, is an input parameter; in some cases the
number - of pelnts per to—be—lgnored sub-interval are zero.

3..  The median cross sect1on value for each to—be—con31dered sub- interval
is computed.~ Let X be the value of the 1th such sub-interval.

4. There is a sense sthch option to compute and display histograms
of the X

5. The mean and standard deviation of the set of Xi are computed by

the following formulae:

n
X = }ﬂ X./n
: iél

Q
1

() ()

where n is the number of sub-intervals to=be-considered.
6. It is possible to compute a set of auto-correlations, Ps> i=1...,m,

by either equation (6) or equation (7):

:<Xj'x> <J+l‘ >

J=

Py =

®)

(n-i) o
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P; = n-i n-i % -n-i n-i - (1)
y X.2 - > X ; X2 . - L/> X
3 n-1\/Z, 3 [, J* n-l N/, i
Jr=l J: j: J:l
7. It is obvious that equation (6) is much more convenient computa-

tionally then (7); and, for most cases, (6) is a satisfactory ap-

proximation to (7). There is a provision to display the Py

-8, . The pmogram is able. tQ compute power spectra,. h,_h-l,...,m, by
” the folloW1ng femmula, u31ng elther set of Py - ‘

7 m
k=0
where:
o L
€ = 1l for 0 <k <m,
& =} for k 0, m,

S A¢i~—*ithe‘1nterval~1n seconds between the stért

Lt o

T e T "'of successive to-be-considered intervals.
9. The program is able to display these power spectra.

3.2.3 Statistics of Multiple Scattering

A preliminary analysis has been performed which indicates that the
radar cross section return in db will be normally distributed about the
mean radar cross section in db. This work has been reported in Reference 4 but

will be briefly reviewed here. One of the computer programs being prepared
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will test the hypothesis that the digital radar data is log normally dis-
tributed. Two conjectures have been advanced which can explain this dis-
tribution of the radar return. The first of these is based on the fact that
the balloon is not truly spherical but instead has a shape for which the two
principal radii of curvature vary about the expected radii of curvature as a
function of aspect angle. If this is so, the radar cross section would vary

with aspect angle and for a given aspect angle would have the form
o = =% Rle.

If we now assume that the difference between log Rl and its average value and
the difference between log R and its average value are normally distrlbuted
‘ then the radar cross section in db will also be normally distributed about
its mean value in db. Several,graphs have beep prepared which illustrate
distribution parameters of log Ri and log R2 which could yield the observed
distribution parameters of log o. Work is now taking place on whether this

assumption is a reasonable one.

A conjecture which may prove to be useful here is that examination of
the photogrammetric maps produced during the static tests will yield log
normally distributed radii of curvature. This point will be the subject of
further investigation. Its significance is that it would provide a means of

'estlmatlng the-local dev1at10ns of the balloon from spherlcal.

_ Another explanatinn whlch his been advanced to account for ‘the apparent
log normal distribution ‘of the cross section’ return is the pOSSlblllty of the
presence of two independent scatterers whose returns combine in a fashion
which produces a normal return. If two cross sections which are essentially
constant combine with random relative phase, then the return has a distribu-
tion whose closeness to a normal distribution depends on the relative magnitude
of the two scattering bodies. Such combination in random fashion might be
caused by random changes in the relative location of a fixed pair of scattering
centers. Further examination is now being made of the possibility that the
phase angle could be uniformly distributed, i.e., that any phase angle is
equally likely.

- o7 -
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IV. CONCLUSIONS

The radar portion of the flight test experiment monitored the cross
section of ECHO II as a function of time. As a result of physical inspec-
tion of the analog data and of preliminary processing of the digital data,
it is possible to offer at this time preliminary conclusions concerning
the physical description of the balloon and its quality as a passive com-

munication satellite.

4.1 Physical Description of ECHO II

~ Subject to further valldatlon through data.- proce881ng the followlng
: concluslens are advanced' [ : : ,

a. The balloon 1nf1ated to 'a_generally spherical shape hav1ng
,approximately the” design radius of 67.5 feet.

b. The sphere has many minor perturbations in its shape and at
"least one major deformation, as indicated by the marked drop

in cross section shown in Figure 2.

4.2 Effectiveness as a Communication Satellite

With the data- obtalned and the radar cross section statistics derlv—
able ﬂiﬂm.th1;>da£a;”it is. posslble ‘to estimate the effectlveness of
. gﬁmmuuzcat16ns satellxte as is shown in Section: II. For
s Lo jarémeters relatlve to high quality audio transmlssion
, (20 kc band wldth), at a carrier frequency of 5000 mc a fading rate of
0.05 percent is predicted. For lower frequencies the quality deterio-
rates. The ECHO II is predicted to be a reliable communications satel-

lite for frequency modulated signals at frequencies greater than 2000 mc.
4.3 Anomalies

Anomalies exhibited in the radar cross section data can be explained
in terms of minor geometric perturbations of the balloon surface. Other

explanations which have been offered, in particular:

_’28-
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a. plasma effects
b. holes in the balloon
c. multi-pathing

have been examined in quantitative detail and are inconsistent with either

the data or with well established physical laws.

4.4 Short Duration, Large Amplitude Scintillations

The flight data exhibits one effect which is difficult to explain on
the basis of ground test results. This is the existence in the time
dependent radar cross sectlon patterns of shert duration scintillations of
v'aup to 20 or 25 db‘ Because of their short duratlen ’often of the ‘same.
order as that of typlcal recerdlng pen recovery speeds, i.e., about 1/8
second) these sclntillatlons have little effect ‘on the radar cross sectlon
statistics. E
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